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(54) APPARATUS FOR MANUFACTURING SINGLE CRYSTAL INGOT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an apparatus for 
manufacturing single crystal which is reduced in deviation in 
generation of crystal defect by reducing the deviation of vertical 
temperature gradient in a center part and a peripheral part of 
grown single crystal ingot. 

SOLUTION: The apparatus consists of a chamber, a quartz 
crucible for filling silicon liquid for growth of single silicon ingot, a 
base of the crucible, a heater, a thermal insulation cylinder, a 1st 
shielding part 77, a thermal shield 81 composed of a 2nd shielding 
part, and 3rd shielding part 81. The 3rd shielding part 81 is 
composed of a 1st surface 85 which is apart from ingle crystal 
ingot 69 and silicon liquid 55 by horizontally corresponding distance 
W1, and having 1st radius of curvature R1, a 2nd surface 87 which 
is apart from the heater at the opposite side of the single crystal 
ingot 69, and silicon liquid by horizontally corresponding distance 
W2, and having a second radius of curvature R2, a 3rd surface 89 
which is facing to outer surface of the single crystal ingot 69, and a 
4th surface 91 which is having a 3rd radius of curvature R3 toward 
upward. 
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(54) WMfrf^yhOWNMi 



(57) 

DBS] J£fi L&mSJUW >3v h fc*MMP 
fc Qifift&l&aBQil£*tt c i: fc J: t) , IBAMS 

ae*¥ga i-^y3 7h^«<5 

fr. m3MMSP8 1 fi, mg&sf >ziy b 6 9Rtf$"J 
3>gtng5 5K|SlW-T*¥»*Sffi«W 1 2:311 
Ri4tmiiB8 5i:, m^f'vrr^hegts 
^<B!l01i-^&tf->U3>SliJil5 5fclq]»T7jc¥«*£3B 

•V >v *©±fi$te ftW Tffl 3 R 3 *li~r 5 31 4 ffl 

9 1 fcfr£&3o 




C#frM:£<D$SB3 

^>"j3ya^t| ts ^ TOi ^ cos**** 

m i rao* ccom i ittsw<?)±ajfcSBs?n, ansa 

1 »BMP©T» t«S**i. ttBWttA'f Vdy h 
ffiEm 3 ttffiff tt. MEJMAKW >dt?h RtfttEfy 

^Ktittcfov-ZTkimptsmmti 1 tss i a^#@R i 
c #3 - ^ **ifcjiiB^ t>ttz>z.b *<imb? zmmm 

Cfflf^3] ^33Ma|5{±^OF«3gpfc^- y -pv7x;l/ 
h (carbon felt) &Kdtr C ££r 

So 

CSt*H4 3 ^3JgKgp«MtBm3SAW^^^rr 
*J» 1 0 mm- 3 0 mmBfftT^g^n^ C t 

Bo 

essoin 5 3 tatajg i ffistf^ 2 ®{±o«tcjFM?n 
* c t &mt* zmim i ^m<omm^ v 

CHa!^ 6 3 tyfB8* i ERtflf! 2 ffiO*¥ttJS£ltW 
1. W2<DftHiO. 5DSW1+W2gl. 0DT&3 

ssitisBo 

[f§#si 7 ] tota^ i ffl&^m 2 ap4>*?»j3£jtw 

1, W2 0Jt¥til. O^Wl/W2^4. 0T*5C 

igiiBc 

cwjrib 8 ] toias? i asif m z mv&m^m r i , 

Bo 

csi^ii 9 ] mim i soa^i^s 2 m<omm^ 
Ubtfm-T'&tiis, m 1 mtm 2m btfm-<otpfo& s 



Wffl2 0 0 2-2 0 1 09-2 



imxmioi % 4 mimmc&&i<nz c b*<m 

Iffi&mi 1] t9l3H4®ttlo©ft^gR3^ 
CH^12] MS3ft^@R3t±R3^2. OR1 

T'&zcbtt^mb-rzmmmi naim<omm&^y 

imsm 1 3 3 mmm 4 mit£&<D mwm.*m-r $ 
tb%ft®b?%mmi 1 0 eenejujaa^ yrr? h 

0&BB&B. 

Jvhb m»\*itm»if>zm< ztz is * < 
ob«3i 1 6 ] mmm 1 satf m 2 ffioTk^^jisffiiii 

Wl, W2<0Sia0. 5DSWl+W2^1. ODT^ 

set s if «^ 1 5 teSB«©i|M&fi-f 

K ©SS5iSB 0 

1 7 ] MIB^ 1 2 ffiCD7jc^p^^Si 

Wl, W2©J:t^ttl. 0SW1/W2S4. 0 7?$5 

c bzw&b-rzm&m 1 5 tcta«<D^ B B B ^» vrf-y 1^ 
imxm 1 8 3 MiBis 1 2 w<D®m?m r 

1. R2C0Jt^{±l. 0^Rl/R2^3. OT-feSC 
t ««« t -T 5 Jt$* 1 5 (cGKO^firJH' y^yv<o 
ISSBSSBo 

1 9 3 HtfaSg 1 2 BCD ftjfc 

c b *m®Lb t% 1 8 eettQ*£A 

CI9*®2 03 ^4®{iH«{c^^n«ct^^s 
Bo 

ISmTfrm 2 1 3 mUS^ 4 ffitt 1 OOifi|£lR 3 

r s c i: *mb*z®jm 2 0 <ce« ojmsa^ yr? 

CM^S2 23 MlHtt^SR 3i±R3<2. 0R1 

-e&zcb*<®mb~t%m&m2 uc9Em<Dmm^y 

CW^2 33 fl3iaS4H«#©a>ffl^^@^-r5 

CBS«W 2 4 3 MI2^©oa^^gt±t0fE^ B 3 H >i' y 
3? Hfc»»tftap»^6iB<«:4«Hj|«?^*< 



m^mz 5] Suta^3SicD^?H 1 no. osd^ 

Hl^O. 3 5 D C fc%»«fc.-r*»«iH I KB 

Cis^2 6] Mte^3igiiSi50ii;$H2« 1 . od 
im&m 2 7 ] Mtes?i 3 mtmcomimmmMZi/ y 

n ygj[}Kffi<J: 5 3 o~i oommli<^oTi^j:i:% 
Bo 
[0001] 

COO 02] 

fltLTfflV^ftS^'Jny^D^iA (wafer) «^ 
Va-ySRSMl/Jyh (Ingot) ^X^-fXUTf^as 
•T 5o fVa >*»a-f ^ H B B -> y rt 

*ttte?W**te|jL f3^7;Wffi (Czochralskl 
method. JWT. CZ&£V>5 0 ) »T*«*«ft*-»T« 

[0003] '/ija VJH&ft* C Z ffifc*^ T*JWE 

H«afflttf «wp«o*«jfem=* * < «srr 5 . l fc*>< 

■3 T, figft WMttift©*&8iSS*:iI!ffi?- 5 d fc tc «fc t> 

[o o o 4 ] >>y n ymRflSBMMssftsftaws^- 

(vacancy -type) fc'O^Xf-ri/t;^ (in 
terstitlal-type) ©J&^RS (point defect) T^HriS 

c&rtfiLftJga^HKJRBW*. *Dy37ffl| (by 
V.V. Voronkov. The Mechanism of Swirl DefectsFo 
rraatlon In Silicon, Journal of Crystal Growth, Vo 
1. 59. 1982. P. 625..) tCfcftfcf, dCDi -5 ft^R© 

[0 0 0 5] WKV/GJttffcSttJWrajHASfc'*- 

-r>drvho«ja«ii*ffl^T»a«i««*-a:«iR, m 

jfcO*? (hot zone) S)-^O^ffTT*a 



< 3 ) #F»82 002-201092 



[0006] — flafc, jsart©SaliiaE4gEGtt-i's/d > 

•5 ttBJIfcKttftSil (etching) *fctt|M!B15©m*© 
SSJi^s »>x/v£>Sffi{CCO P (Crystal Originated P 
article) . LDP (Large Dislocation Pit) SfcfiO 
S F (Oxidation Induced Stacking Fault) SND&PSt L 
to TM^^ft^o 

[0007] Lft# 9 T, jsasaom^ijp^ot- 

G. IP'S, JtUgRf >Jy h>Pfr«0£ttfi£43£G c 
tnM§P©Siliag^EG e fc©M£M&U JjgSI^® 

[0 0 0 8] MEHUta-i >=Jy r- ©^S^gtflfrx© 

£?EG e Jg/hS < -f 
[0 0 0 9] Lft*Ltttf&, njS^<Dgi«j&&&JiSSG e 

[ooio] ^^c, mM>Km<o&ijitf{8;Ti.i&&mm 
©iSLk*HsiM&ji-i >=fy bvmmmw. #tc^si? 
m<o^mm^umcmm^m^twy-rv k (thermal 
shield) <ow5g{c^<ol5^3b^ttl^nT^^5= 

so [0 0 1 1 ] m 1 l*ffi*fiaSlC«*#ISft-i' Vrfy 

>rf y hOBBfittBttS'y 3 >m& 1 5 >£:^«-r55^ 
iHiffil 3*<^>/<l 1 rtfirfaS^ftSe &£i£Ml 3 

*8«3a«}i 7 i±@te$fl i 9±fc@sifts?ft5o fitne 

0f3llll 9fckggfi&#ia (0^-e-T) (Ct-pTlHl^ftE 

[0 0 12] C&tfJftl 3^Sfllbfc^^l 7liR)T^ 
MPg^rfc^TRISi^fci-^2 HcJ:»3«{?)H$ft, co 
-w li-^2 1 &{£}SfgS2 3fcJ;»)«J*JB*ftTl^ 0 huIB 
t-?2 1 &£5ji4ifcf$ 1 3 rt<DJS^jg£D^S^y 3 > 

**»*UTs/y=iviiHSi 5^5t9f!i%-r5,> 

[0 0 13] ^-^>/<l l©±gPfc{i, ^— ^;l/3 3«r 
#V»T5l*±*fS9l±^S (0^-T) #fag£ft, 
C<D3l±^@ti0i|e*fts o -^-7^3 3©TgP(;: 

Jf eftsSr^e.^S-O'rfy h 2 9^jK«?-&8ffli^|| 

(seed crystal) 3 1 ^^i$ft5o 

[0 0 14] ^-^V^l l©±gpt::(±, fn&t&mmfk 
so V=f-y h 2 9 £Wm 1 3 rtO->»J n ymffi. 1 5 tfc^p 



(4) 



IftffiZ 00 2-2 0 1 09*2 



[0015] i^m-t^mm^y=iy h 2 9 tttwi 1 3 
$ 2 a cm 3 jsfflcgp 37, 39, 41 vma& tutm* 

-;!/ K 3 5 tfMWZtlZo fuffB^ 1 iMSB 3 7 fcfcRWtt 
T-fc-#2 l»&OWN)IM»WU MIBm2igitei5 3 

awz3±»cHjaRH*ti, *uta^3jSi[gp4 Lunii 

[0 0 16] MI3^3iSS5gP4 l tt, T«IWf U 

^•©^His HifMH'vaV h 2 9 ©j»«#HHWi£TW:* 

» t JS m t ViW&mfc <fc £ fcPfi©%<£# 

So Sg33gffia$4 1 vMlK&mM^Q&tiltmW 

m*ffi±tz mm® 4 3 

[00 17] 

^^MSH-f^zf^ h©§35tg»±, ^>-/l/K©S£3i£ 

mistifc»^j«sii'f v=fv h ©florae** 
(ommmm^mm a g aw t> tcjzswetsnxmfi 

[0 0 18] Lfctf^T. #8W©gWte/#fiLfcJ$Jg 
S'fyi'y b©4M>^fc^Ja^©Mtt®g43BH©4Jii§ 

[0 0 19] *«W<D*<oaWttJMS*^>JyM«* 
JHB©¥J93Iftira^«^3ttS s: tc <fc *> v 

[0 0 2 0] 

[|Rg|*»i*'r«fc460¥S] *«W©JMSfi^y^y 



»oiiWBf-vy/<«'Noa«*i»±-r*«attfc, una 

10 iff 1 *»S©T«fc»&*n, MBHMW^ bff 

T*¥*fjs«Biw i tm i *$*iR i **rr * w 1 bs 

IE* U 3 yM*teffitfT*¥»OT*W 2 fcfg 2 fflqs* 
[00 2 1] 

»W©SSMS©J*»6fMBfcKI!irr*. 02«*?«fBf;:& 

*5 3m^5 lrtfcggg^n, <KDE^l&Jj|5 3 

tS30t# 5 7 ttSHEM 5 9±tcH^ISB?n. C©IU« 
30 US 5 9«SSS!r#m CPSSWD fcJ:oTBi|S*n5^* 

ijS5 3*n<6a-ttas6i«6Jdrte«»*n*. 
[0022] s^migi 5 3 *««bfe3a«# 5 7 «ms 

Efc-* 6 l ittiZmm 5 3 A<DftM&o*IM$"J ^ 

ymzmm ut-> y 3 5 5-*^ u > «s© 6 3 « 

[0 0 2 3] fty^5 l©±g?tC« x 7;l/7 3«: 
Wg-Jr-TVW 3©TgBti:t±s 5 3 rt©-> U 3 

[0024] *■ 5 i©±a5ttt, figs-rs^s 

-f >rfy h 6 9 5 3 rt©s/y 3 vstis 5 5 tic a 

f 6 S^tSBSn-So — 1 ©TSPfCtt, 

so «fflw*©3pjgtt*x**tffte»w-r e 7 #K 
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a 



[0 0 2 5] HMSH-f VrJ-y h 6 9 fei&J®5 3 fc<DH&C 
tt. Mo, W, CXUS i C^n-h^nftll^P.^ 
Slft^— K 7 5 AWSnS, !!Ci^>-;l/ K 7 5 « 

m2atf^33SMg|57 7, 7 9, 8 1 T*flt/£2 
fu ^^-r^rf-y h- 6 9£HK9Htfi:?{c^g£n 

[0 0 2 6] MIB^ 1 iffiffig^B 7 7 ItRffiVzT't-Z 6 1 

£i£S0T-r5„ m 2 jiitgp 7 9 am 1 ji^gp 7 7 ©±g&i; 10 

ffi*££*U (flange) t^G^O 6 3 ±£@^ 

SB*n. lA^O$i*fl^O^^VM5 l±gp 

^©ffifSfcwrs* m3jai$gp8 1 «sg 1 skv7 7 

<DTgPi:3i*S£ft> #*SAW >Jv h 6 9 {PlK^tB-r 
[0 0 2 7] @3«02©Ag!5#^U &$£W<0— H 

7 5 %3R-$-ifc*:»TE0T-& •? , 0 4 i±@ 3 «0|^->-;I/ K 

7 5c0fftS«igig"Z?&3 o 

[0 0 2 8] 0 3fc:;^£?tc^>-^F7 5<Dfii3j£ 20 
MSP 8 1 tt % ia«T'*i^^i/zf-y h 6 9&r»U =rv 
ffijffi5 5tC|Sn,^rt/^miffi8 5^. flttTiMSJKV 
df-y h6 9tSMMot:-^6 ifttf5"jaywi 5 5 
*Cftl,">Tl/^SfS2® 8 7 h 6 9<0^ 

^)ffii:^lnj-rsm3®8 9fc, ISttTj^ V>S 5 1 0± 
gittcftttT^.5Sit4®9 1 J&3M 

gP8 1 <Drtgi5{i^— 45>7x/H> (carbon felt) %?<D 

30 

[0 0 2 9] ^3ii«EgP8 lttg3ffi8 9tfJ»tS&'r>' 
dfy h 6 9^^m^FJPB I DfctfgttiSo cor^PB I D 

itxmwcm3mmm i tw$&j>3y h69t<v 
mm 5 5frt,<Dmttim>v)m£k'C>3y y 6 9±gfwo 

J£ifc£$ffl^3;fcfelC3 Omm^Tfc-r-Se EP^, HM 
I Di± 1 Omm< I D< 3 0mmT'&S o 
[0 0 3 0] JttSJK'Vrfy h 6 9<D!lg£Dfc 

■tZt, ^3ffi8 9<DMZH U±0. 05DSHli 
0. 3 5Dk*0nH»O»JW*l»lhU *33tK» 40 

8 1©S?H2ttl. ODSH2^2. 0Dfc*t»^U 
n^Bi^5 5t)^<ommm(Om^B-(^d[v h 6 9±gp 

->u3yffi!fl55 5tm3mmms 1 i:oiiB©K«H3tt 
t-* 6 i fr&jwsa-i'yzry h 6 9-NOH*f»i^ii*D 

£-&3*:4t>{J:3 0—1 0 OmmktS. 

[003 l]glMf2l8 5, 8 7 liflttT'^-n^ 
n*¥*ttSS§8iW 1, W2 tfi^^R 1 , R 2 

lttE3«-ptfSS|W|saR 3*m?Z a alia so 



ffl2M8 5, 8 7 ©7k¥MJS®iSSW 1 , W 2 CDSHi 
0. 5D^W1+W2<1. 0T-&D, Jt^tt 1. 0< 
W1/W2S4. 0T*£5 o $fc, ?gl£.lfSg2®8 
5, 8 7<D|tt^^Rl, R2<9i£smi. 0SR1/ 
R2^3. S4ffl9 1(DiWgR3(iR3 

^2. 0Rit-rs o 

[0 0 3 2] IS 4 iC^-T £5 fc, Bul2i0i«<Dm 1 ffl 8 5 
^<tt), i/'Jn ^ggffig 5 5*^ Off AHfefctlMS A^T > 

V««5 5aiiBtcft««fcR»*tl*. Lfctf^T, # 
tMM>i9 h 6 9©Wg^c)11-3?§|tfgS<D&<gtf# 

[0 0 3 3] &:J3> Ottd^2ffi8 7 f±v"J ^VJSJlfg 5 
5 affiNft&E&ttM 5 3 ^fotcsaf >- U n ^ffl 
iS5 5fc^35g(lBigP8 l fc<Dra©Mg£®T£-i*.So 

[0.0 3 4] WI3^1K8 5il^2ffi8 7tfR— <Dtbm 
[0 0 3 5] S3®8 9t±mi^S^Vdr-y h6 9^&0 

««R«*^fl»©isifiE*isi±s-e*. ^lt, eat 

*ldLt:S««. 

[0036] JbfeT*Bufesii4®9 i i ooai^emsR 
9 &mstifev&tt i ooft^g^-rsBf tpi— o 

ftWR 3*%t5^ ^JSpl-rvrf-y h 6 9#«&3| 

4I9 1C m^S-rvdr-v h69 fc(W»Ute«J»W:x 
^MaB-YVrfy r- 6 gA^OS^-Sr^-W/^S 1 ±SB'sJK 
^-©^©#*gol-Orf»y h6 9±gp^<DS7€* 

>=fy h 6 9±gR©^ai?nfcfiP«-fc»EfO , «»i:S8l>t$-& 
[0 0 3 7] TfS©a 1 tt^*S^tC^5^S&tf*|g 

a^ai5<DSiftia*^EG c<D&<tkm§k¥&fi&<Dm 

[0 0 3 8] 
[«1] 



«FB82 002-20 1 095 



9 





G c (°K/cni) 


A G ("K/CID) 




2 2. 0 1 


0. 8 3 


* & w 


2 6.44 


0.6 5 



co o 3 9] ±mm i *#p.rr3 1, *gj|tp<L>$©Sifi 
m&timG c a, mummic&zw&T-it 22. or 

K/cmTfc3#\ *Kmteffi%%iWX°lt 2 6. 4 4° K/ 
cn.Kfa±-r3<DT\ ISft^?P!S**WlifrS«fi3»B©i^± 

ffifisM A G tt. fgfc&ffilC0|tS£STtt 0 . 8 3 0 K/c 
n-ea&Sa^ *^(c^5^MTl±0. 6 5'K/ciD^a 10 

T-r 5 ©r% ««a»*fi=T fctfc^T <t u ia± bftms 

[0 0 4 0] ±&Lfc<fc?fc:*:^©-*^SIl£:^£ l 
JWSft-f >3> h ©J^-Jl/ F 7 5 M\ JR 1 S 8 5 fC J; 
5 , ->>J3 vMft 5 5 sb> & OifgftH&*lti*£Jfn' V=f «v h 
6 9^£»£^T$g,P B ttMi5|5©i&S*±#£-e. froix 
U3V^!?S5 5fcf?i3;M&S!58 1 £<DH©iS3H 3=&P 

g&LTt-* 6 1 j^6*isa-f h 6 9-\<Dmmm 

COO 4 1] ?g3SfiflSi^8 Hc«fc?K J/'JaVB 

*5 5*&©««J^JWSft-f>'3V h 6 9±8P^©e 

©flM8fc%554±tHft 5 3 ^£Sf 2-£T 2/ V 3 5 5 

tm3mm&8 1 t©ia©f8t?&K*{8T2-e\ ^4®9 

5 l ±^-vS^5^rT^©^©m^f v=fy h 6 9 so 
©5l££fflA3*l£llH'>3'y h©/£g>gg©|S]±;&S 

c o o 4 2 ] ittftmvmvnM&fmcmzm^- 

>b K 7 5 (SB 3 fcjj%Lfc#5Mli©-|SattMR 
fc«*»S^-;l'K7 5 1358 5*Wn^TttH-*J* 

C0 0 4 3] *«W©ftt©SiaB5»C«*fti/— ^H7 

5 i±ki 3 mas 8i^ii85' ft*¥m<v-$m& 
»ic«at©fcs«©ia**aR r **rr*iattT?3& 
5„ Susannas 5' ©a«¥Sr r am 1 si/ 

2R3m. 

CO 0 4 4] 0 6 tc^- J; McMf3Km©S{?i®8 5' 
tt. 5/ U 3 >Hfttt 5 5 ©fUm^^MSA^ >=fy 1* 6 9 
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c o o 4 5 ] ±t m<o$mBm?ffit£,m 4^91^2^ 

M±©£®©«*¥g**rr*cfcfc-C**. 3B4ffi9 
l*«2 0JW±©*8W>ia*¥S*#r*i:. 354® 9 1 

©. jmssw viy h 6 9 tmmvrzffibit 1 ooi? 

<ft3o 

CO 0 4 6] ±i£Lfe*^fc*»IBl4. Sg3i!lfBcffl$©Sff 
1 ffit J: t), S/»J n>1ttW*»6©«ftt«**B»^>=r 

©«W»*«MPS-tt* V=f«y hOfl. 

JB»©iaiSE*±S*^:TSil[iaKJgE«W6-r, ftfc, 

s& 33igcgu{c«t 9. s/y 3 vn»s^&©««mt©«isA 

-fvd7 h±ff^©tSS*Kf±U IS 2 Etc* 9, s/'J 

3 ^a«t*> 6©ww»*^*H*NE««*T^y 3 ^ 

MM t IB 3 iSiffigP fc ©M©IMEP««{ST«4i:*« * 6 
IMK^rfy h±a?'N©a7£^PJ5±L¥iSSitt?£g^iB 
CO O 4 7] 

©ttft¥«#ifc©ffi«ia03e©Mts a c ^M?»-r c t 

C0S©lffi**SJW3 

cia i ] «e*»«ic«**«a-f h©siiss© 

C0 2] *Wfi©-«SBg«fc«*JWS»^>Jy h© 

iaii^e©«ws®rffiBiT'fe§ 0 

C03] 49Mi©^IIN0ei^ft«4US*^^^9 h© 
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